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Description 

[0001] This invention relates to x-ray contrast compositions for medical x-ray imaging. 

[0002] X-ray imaging is a well known and extremely valuable too) for the early detection and diagnosis of various dis- 
s ease states in the human body. The use of contrast agents for image enhancement in medical x-ray imaging procedures 
is widespread. An excellent background on contrast agents and media in medical imaging is provided by D. R Swanson 
et al. Pharmaceuticals in Medical Imaging . 1990, MacMillan Publishing Company. 

[0003] Briefly, in x-ray imaging, transmitted radiation is used to produce a radiograph based upon overall tissue atten- 
uation characteristics. X-rays pass through various tissues and are attenuated by scattering, i.e., reflection or refraction 

w or energy absorption. However, certain body organs, vessels and anatomical sites exhibit so little absorption of x-ray 
radiation that radiographs of these body portions are difficult to obtain. To overcome this problem, radiologists routinely 
introduce an x-ray absorbing medium containing a contrast agent into such body organs, vessels and anatomical sites. 
[0004] Currently available X-ray contrast agents generally exhibit a lack of site directed delivery or compartmentali- 
zation. Consequently, large quantities of agent are normally required for imaging. It would be desirable to restrict the 

15 contrast agent to specific biological or anatomical compartments, such as the blood pool, liver, kidney or spleen. This 
would reduce the overall amount of agent which needs to be administered to achieve the desired contrast enhance- 
ment. 

[0005] Maximum enhancement of major Wood vessels takes place during the so-called vascular phase of contrast 
media kinetics which occurs within about the first two minutes following the intravascular infusion or bolus injection of 

20 the contrast media. This is because the plasma concentration of an intravascular contrast medium decreases rapidly 
as a result of vascular mixing, transcapillary diffusion of the medium from the circulation into the interstitial spaces and 
renal excretion. Consequently, imaging of blood vessels must take place within a narrow time window, typically within a 
few minutes after infusion or injection of the x-ray contrast agent. Currently, there is no commercially available x-ray con- 
trast agent for imaging blood vessels which provides good contrast images of the vasculature for an extended period of 

25 time. Therefore, multiple injections are often required to visualize the vasculature adequately. Furthermore, arteriogra- 
phy, as currently practised, typically requires percutaneous or surgical catheterization, fluoroscopic localization and 
multiple bolus arterial administrations to adequately visualize a given vascular region. 

[0006] The need for improved visualization of the liver, kidney and spleen, particularly for early detection of metas- 
tases, has led to numerous attempts at developing a contrast medium for accumulation by the mononuclear phagocyte 

30 system (MPS). In Handbook of Experimental Pharmacology. Vol. 73, Radiocontrast Agents, Chapter 13, "Particulate 
Suspensions as Contrast Media", Violante and Fischer describe and analyze the problems and complexities involved 
in designing and formulating such a medium. Inasmuch as the MPS of the liver and spleen is known to trap particles by 
phagocytosis, contrast agents in particulate form, such as emulsions of iodinated oils, e.g., iodinated ethyl esters of 
poppy seed oil, and liposomes containing water soluble iodinated contrast agents have been proposed for liver and 

35 spleen visualization. However, emulsions tend to be unacceptably toxic when administered both intravenously and sub- 
cutaneously and liposomes tend to require unacceptably large amounts of lipid to achieve adequate contrast enhance- 
ment. The MPS or Kuppfer cells of the liver, to which liposomes and emulsions have been directed, constitute 
approximately 5 percent of the total cell population, the remainder being hepatocyte cells. 

[0007] Submicron inorganic radioactive thorium dioxide particles have been used for liver visualization and have 
40 shown effective contrast enhancement in clinical testing. However, their use has been discontinued because of the 
extremely lengthy retention of the particles in the liver. This, in combination with the inherent radioactivity of thorium, 
has led to serious adverse side effects including neoplasm and fibrosis. 

[0008] Violante etal. U. S. Patent 4,826,689, disclose a method of making uniformly sized non-crystalline amorphous 
particles from water-insoluble organic compounds wherein the organic compound is dissolved in an organic solvent. In 
45 one embodiment, iodipamide ethyl ester is dissolved in dimethyl sulfoxide. However, solvent precipitation techniques 
such as described in U.S. Patent 4,826,689 for preparing particles tend to provide solvent contaminated particles. Such 
solvents are often toxic and can be very difficult, if not impossible, to adequately remove to pharmaceutical^ acceptable 
levels for diagnostic imaging. Additionally, amorphous materials and formulations tend to exhibit unacceptably poor sta- 
bility and/or short shelf-lives. 

so [0009] Motoyama etal. U.S. Patent 4,540,602 disclose that a solid drug can be pulverized in an aqueous solution of 
a water-soluble high molecular substance, and that as a result of such wet grinding, the drug is formed into finely 
divided particles ranging from 0.5 or less to 5 pm in diameter. However, there is no suggestion that particles having 
an average particle size of less than about 400 nm can be obtained. Indeed, attempts to reproduce the wet grinding 
procedures described by Motoyama et al resulted in particles having an average particle size of much greater than 1 pm. 

55 [0010] WO 90/07491 describes water insoluble iodinated carbonate esters reported to be useful as contrast agents 
for visualization of the liver and spleen. Particles of mean diameter of the order of 1 .0 micron of the disclosed esters 
reportedly are taken up by the reticuloendothelial system of the liver and spleen. However, such particles are prepared 
by conventional mechanical crushing or spray drying techniques or by solvent precipitation techniques such as 
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described in U.S. Patent 4,826,689. 

[001 1] Currently, there is no completely satisfactory x-ray contrast agent in the market for liver and spleen imaging. 

Each contrast agent and/or composition proposed for liver and spleen imaging has some disadvantage. 

[0012] It would be desirable to provide improved x-ray contrast compositions for imaging vessels, anatomical sites 

5 and body organs such as the liver and spleen. Moreover, it would be highly desirable to provide intravenously adminis- 
tered x-ray contrast compositions which demonstrate effective imaging of the blood pool for extended periods of time. 
[0013] We have discovered that surface modified crystalline nanoparticles of water-insoluble x-ray contrast agents 
provide images of exceptional resolution and can be formulated for enhanced delivery to specific tissue or fluid sites, 
e.g., the blood pool, liver, kidney, bone marrow, lymph nodes and spleen. Moreover, preferred x-ray contrast agents 

w when administered intravenously provide effective imaging of the Wood pool within the vascular system for remarkably 
long periods of time. 

[0014] More particularly, in accordance with this invention, there is provided an x-ray contrast composition comprising: 

a) particles consisting essentially of a non-radioactive crystalline organic x-ray contrast agent having a surface 
is modifier adsorbed on the surface thereof, said non-radioactive crystalline organic x-ray contrast agent having been 
wet ground to an effective average particle size of less than 400 nm and having a coating of said surface modifier 
adhered to the surfaces of said particles by adsorption, said surface modifier being present in an amount of 0.1 to 
90% by weight based on the total weight of the dry particles so as to maintain said effective average particle size, 
and 

20 b) a pharmaceutical^ acceptable carrier. 

[0015] In accordance with this invention there is also provided the use of the above composition for preparing a med- 
icament for medical x-ray diagnostic imaging. 

[001 6] This invention further provides a method for the preparation of the above described x-ray contrast composition 
25 which includes the steps of introducing a non-radioactive organic x-ray contrast agent, a liquid medium, grinding media, 
and optionally a surface modifier into a grinding vessel; wet grinding the contrast agent and thereafter mixing a surface 
modifier with the liquid medium if the surface modifier was not present during grinding to form particles having an aver- 
age size of less than about 400 nm; and separating the particles from the grinding vessel and media. 
[001 7] It is an advantageous feature of this invention that x-ray contrast compositions are provided which demonstrate 
30 effective imaging of the blood pool within the vascular system for unexpectedly long periods of time, e.g., up to 2 hours 
and longer. 

[0018] It is another advantageous feature of this invention that x-ray contrast compositions are provided with 
enhanced delivery to specific anatomical sites, e.g., the blood pool within the vascular system, liver, kidney, bone mar- 
row, lymph nodes or spleen. This enables enhanced imaging of the site with reduced amounts of agent. 
35 [001 9] It is another advantageous feature of this invention that intravenous injectable x-ray contrast compositions are 
provided which do not require catheterization during angiography. 

[0020] Still another advantageous feature of this invention is that x-ray contrast compositions are provided which can 
be formulated with high loadings of existing x-ray contrast agents and/or derivatives thereof. 
[0021] Yet another advantageous feature is that desired levels of contrast, as determined by a particular iodine con- 
40 tent, can be achieved with lesser amounts of the x-ray contrast compositions of this invention as compared to prior art 
compositions containing conventional, e.g., polymeric, carriers. 

[0022] The x-ray contrast composition of this invention comprises particles of an organic x-ray contrast agent having 
a surface modifier adsorbed on the surface thereof in an amount sufficient to maintain an effective average particle size 
of less than 400 nm. 

45 [0023] The x-ray contrast agent useful in the practice of this invention is non-radioactive and exists as a discrete, crys- 
talline phase of an organic substance. The crystalline phase differs from an amorphous or non-crystalline phase which 
results from solvent precipitation techniques such as described in U.S. Patent 4,826,689 noted above. The organic sub- 
stance can be present in one or more suitable crystalline phases. The invention can be practised with a wide variety of 
crystalline, non-radioactive x-ray contrast agents. However, the x-ray contrast agent must be poorly soluble and dispers- 

so ible in at least one liquid medium. By "poorly soluble", it is meant that the agent has a solubility in the liquid dispersion 
medium, e.g., water, of less than about 10 mg/ml, and preferably of less than about 1 mg/ml. The preferred liquid dis- 
persion medium is water. Additionally, the invention can be practised with other liquid media in which the selected x-ray 
contrast agent is poorly soluble and dispersible, including, for example, aqueous saline solutions, such as phosphate 
buffered saline (PBS), plasma, mixed aqueous and nonaqueous solutions, for example, water and alcohol, and suitable 

55 nonaqueous solvents such as alcohol and glycerol. 

[0024] The x-ray contrast agent can be an iodinated compound. The iodinated compound can be aromatic or nonar- 
omatic. Aromatic compounds are preferred. The iodinated compound can comprise, one, two, three or more iodine 
atoms per molecule. Preferred species contain at least two, and more preferably, at least three iodine atoms per mole- 
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cule. The iodinated compounds selected can contain substituents that do not impart solubility to the compound, such 
as, for example, aikylureido, alkoxyacylamido, hydroxyacetamido, butyrolactamido, succinimido, trifluoroacetamido, car- 
boxy, carboxamido, hydroxy, alkoxy, acylamino, and the like substituents. 

[0025] A preferred class of contrast agents includes various esters and amides of iodinated aromatic acids. The esters 
5 preferably are alkyl or substituted alkyl esters. The amides can be primary or secondary amides, preferably alkyl or sub- 
stituted alkyl amides. For example, the contrast agent can be an ester or amide of a substituted triiodobenzoic acid such 
as an acyl, carbamyl, and/or acylmethyl substituted triiodobenzoic acid. Illustrative representative examples of iodi- 
nated aromatic acids include, diatrizoic acid, metrizoic acid, iothalamic acid, ioxaglic acid (hexabrix), ioxitalamic acid, 
tetraiodoterephthalic acid and iodipamide. It is contemplated that poorly soluble derivatives of iodamide and iopyrol can 
io be used herein. 

[0026] The invention can also be practised with poorly soluble derivatives, e.g., ester and ether derivatives, of hydrox- 
ylated nonionic x-ray contrast agents. Illustrative nonionic contrast agents include, but are not limited to, metrizamide; 
ioglunide; iopamidol; iopromide; iogulamide; iohexol, and other compounds described in U.S. Patent 4,250,1 13; tover- 
sol, and other compounds described in U.S. Patent 4,396,598; nonionic triiodinated compounds, such as described in 

is Investigative Radiology. Vol. 19, July-August 1984; and nonionic dimers, such as described in Radiology. 1 42: 1 1 5*1 18, 
January 1982. The invention can be practised with poorly soluble derivatives of iodomethane sulfonamides, iodinated 
aromatic glucoanilides, 2-ketogulonamides, reversed amides, peptides, carbamates, esters, glycoside and glucose 
derivatives, benzamide derivatives, isophthalamides, bis compounds, and bis-polyhydroxylated acylamides , such as 
described in Volume 73 of the Handbook of Experimental Pharmacology, entitled Radiocontrast Agents, edited by M. 

20 Sovak, 1984, Springer- Verlag, Berlin, pages 56-73. 

[0027] Many of the iodinated molecules described above, if in monomeric form, can also be prepared as dimers 
(sometimes referred to as bis compounds), trimers (sometimes referred to as tris compounds), etc., by techniques 
known in the art. It is contemplated that this invention can be practised with poorly solubie-iodinated compounds in 
monomeric, dimeric. trimeric and polymeric forms. Representative illustrative compounds are described by Sovak, cited 

25 above, pages 40-53. 

[0028] Classes of preferred contrast agents have the following structural formulae: 
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20 [00291 In the above structures, R can be OR 1 , 
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35 wherein R 1 is alkyl, and 

R 2 and R 3 are independently H or alkyl. 

Each alkyl group can independently contain from 1-20, preferably 1-8, and more preferably, 1-4 carbon atoms. The 
alkylene group preferably contains from 1 to 4 carbon atoms such as methylene, ethylene, propylene and the like, 
optionally substituted with for example an alkyl group, such as methyl and ethyl. 
40 [0030] Particularly preferred contrast agents include the ethyl ester of diatrizoic acid, i.e., ethyl-3,5-diacetamido-2A6- 
triiodobenzoate, also known as ethyl-3,5-bis(acetylamino)-2,4,6-triodobenzoate or ethyl diatrizoate, having the struc- 
tural formula A above wherein R=-OCH 2 CH 3 (WIN 8883); the ethyl glycolate ester of diatrizoic acid, i.e., ethyl(3,5- 
bis(acetylamino)-2,4,6-triiodobenzoyloxy)acetate, also known as ethyl diatrizoxyacetate, having the structural formula 
A above wherein 

45 

R » OCH 2 C— OCH£H 3 

1 O 

so (WIN 12901); and ethyl-2-(3,5-bis(acetylamino)-2,4,6-triiodobenzoyloxy)butyrate, also known as ethyl-2-diatrizoxybu- 
tyrate (WIN 16318), having the structural formula A above wherein 

CH 2 CH 3 

55 R - OCH— (CO)— OCH 2 CH 3 
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[0031] In addition, it is expected that the invention can be practised in conjunction with the water insoluble iodinated 
carbonate esters described in WO 90/07491 . 

[0032] The above described x-ray contrast agents are known compounds and/or can be prepared by techniques 

5 known in the art. For example, water-insoluble esters and terminal amides of acids such as the above-described iodi- 
nated aromatic acids can be prepared by conventional alkylation or amidation techniques known in the art. The above- 
noted acids and other acids which can be used as starting materials are commercially available and/or can be prepared 
by techniques known in the art. The examples which follow contain illustrative examples of known synthetic techniques. 
[0033] The particles useful in the practice of this invention include a surface modifier. Surface modifiers useful herein 

w physically adhere to the surface of the x-ray contrast agent but do not chemically react with the agent or itself. Individ- 
ually adsorbed molecules of the surface modifier are essentially free .of intermolecular crosslinkages. Suitable surface 
modifiers can be selected from known organic and inorganic pharmaceutical excipients such as various polymers, low- 
molecular weight oligomers, natural products and surfactants. Preferred surface modifiers include nonionic and anionic 
surfactants. Representative examples of surface modifiers include gelatin, casein, lecithin (phosphatides), gum acacia, 

is cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium stearate, glyceryl monostearate, cetostearyl alco- 
hol, cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene aikyl ethers, e.g., macrogol ethers such as cetom- 
acrogol 1000, polvoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, e.g., the commercially 
available Tweens , polyethylene glycols, polyoxyethylene stearates, colloidol silicon dioxide, phosphates, sodium 
dodecylsulfate, carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellu- 

20 lose, hydroxypropylcellulose, hydroxypropylmethylcellulose phthalate, noncrystalline cellulose, magnesium aluminum 
silicate, triethanolamine, polyvinyl alcohol, and polyvinylpyrrolidone (PVP). Most of these surface modifiers are known 
pharmaceutical excipients and are described in detail in the Handbook of Pharmaceutical Excipients. published jointly 
by the American Pharmaceutical Association and The Pharmaceutical Society of Great Britain, the Pharmaceutical 
Press, 1986. 

25 [0034] Particularly preferred surface modifiers include polyvinylpyrrolidone, tyloxapol, poloxamers such as Pluronic™ 
F68 and F108, which are block copolymers of ethylene oxide and propylene oxide, and poloxamines such as Tetronic™ 
908 (also known as Poloxamine 908), which is a tetrafunctional block copolymer derived from sequential addition of pro- 
pylene oxide and ethylene oxide to ethyfenediamine, available from BASF, dextran, lecithin, dialkylesters of sodium sul- 
fosuccinic acid, such as Aerosol OT , which is a dioctyl ester of sodium sulfosuccinic acid, available from American 

30 Cyanamid, Duponol™ P, which is a sodium lauryl sulfate, available from DuPont, Triton™ X-200, which is an alkyl aryl 
polyether sulfonate, available from Rohm and Haas, Tween 80, which is a polyoxyethylene sorbitan fatty acid ester, 
available from IGI Specialty Chemicals, and Carbowax™ 3350 and 934, which are polyethylene glycols available from 
Union Carbide. Surface modifiers which have been found to be particularly useful include Tetronic 908, the Tweens. 
Pluronic F-68 and polyvinylpyrrolidone. Other useful surface modifiers include: 

35 

decanoyl - N-methylgl ucamide; 

n-decyl p-D-glucopyranoside; 

n-decyl p-D-maltopyranoside; 

n-dodecyl p-D-glucopyranoside; 
40 n-dodecyl p-D-maltoside; 

heptanoyl-N-methylglucamide 

n-heptyl p-D-glucopyranoside; 

n-heptyl p-D-thioglucoside; 

n-hexyl p-D-glucopyranoside; 
45 nonanoyl-N-methylglucamide; 

n-nonyl p-D-glucopyranoside; 

octanoyl-N-methylglucamide; 

n-octyl p-D-glucopyranoside; 

octyl p-D-thioglucopyranoside; 
so and the like. 

[0035] A particularly preferred class of surface modifiers includes water-soluble or water-dispersible compounds hav- 
ing the formula 

55 
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wherein 

4 /(CH 2 ) a - 

15 L is R-CH , R-L '— 1\ tj , 

X (CH 2 ) b - V V 




or 




L' is a chemical bond, -0% -S-, -NH-, -CONH-or -S0 2 NH-; 

R 4 is a hydrophobic substituted or unsubstituted alky), substituted or unsubstituted cycloalkyi, or a substituted or 
unsubstituted aryl group; 

each of R 5 and R 6 independently is hydrogen or an alkyl group having from 1 to 4 carbon atoms; 
30 each of a and b independently is 0 or an integer from 1 to 3, provided that the sum of a and b is not greater than 3; 
and, 

each of x and y independently is an integer from 3 to 7. 

[0036] Preferred compounds within this class conform to the above structure wherein R 4 contains from 6 to 36 carbon 
35 atoms, for example, R 4 is an n-alkyl group containing from 6 to 18 carbon atoms, each of R 5 and R 6 independently is a 
methyl, ethyl, propyl or butyl group and a is 0 and b is 0. This class of surface modifiers can be prepared by reacting arv 
appropriate dicarboxylic acid ester with an appropriate monosaccharide amine, preferably in the absence of a solvent, 
at a reaction temperature from 140 to 200°C. 

[0037] The surface modifiers are commercially available and/or can be prepared by techniques known in the art. Two 

40 or more surface modifiers can be used in combination. 

[0038] The particles useful in the practice of this invention can be prepared by dispersing a poorly soluble x-ray con- 
trast agent in a liquid dispersion medium and wet-grinding the agent in the presence of grinding media to reduce the 
particle size of the contrast agent to an effective average particle size of less than about 400 nm. The particles can be 
reduced in size in the presence of a surface modifier. Alternatively, the particles can be contacted with a surface modi- 

45 fier after attrition. 

[0039] A general procedure for preparing the particles useful in the practice of this invention follows. The x-ray con- 
trast agent selected is obtained commercially and/or prepared by techniques known in the art as described above, in a 
conventional coarse form. It is preferred, but not essential, that the particle size of the coarse x-ray contrast agent 
selected be less than about 100 nm as determined by sieve analysis. If the coarse particle size of the contrast agent is 
so greater than about 1 00 um, then it is preferred that the coarse particles of the contrast agent be reduced in size to less 
than 100 nm using a conventional milling method such as airjet or fragmentation milling. 

[0040] The coarse imaging agent selected can then be added to a liquid medium in which it is essentially insoluble to 
form a premix. The concentration of the agent in the liquid medium can vary from about 0. 1 -60%, and preferably is from 
5-30% (w/w). It is preferred, but not essential, that the surface modifier be present in the premix. The concentration of 
55 the surface modifier can vary from about 0.1 to 90%, and preferably is 1-75%, more preferably 10-60% and most pref- 
erably 10-30% by weight based on the total combined weight of the drug substance and surface modifier. The apparent 
viscosity of the premix suspension is preferably less than about 1000 centipoise (1 Pa • s). 

[0041] The premix can be used directly by wet grinding to reduce the average particle size in the dispersion to less 
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than 400 nm. It is preferred that the premix be used directly when a ball mill is used for attrition. Alternatively, the drug 
substance and, optionally, the surface modifier, can be dispersed in the liquid medium using suitable agitation, e.g., a 
roller mill or a Cowles type mixer, until a homogeneous dispersion is observed in which there are no large agglomerates 
visible to the naked eye. It is preferred that the premix be subjected to such a premilling dispersion step when a recir- 

5 culating media mill is used for attrition. 

[0042] Wet grinding can take place in any suitable dispersion mill, including, for example, a ball mill, an attritor mill, a 
vibratory mill, and media mills such as a sand mill and a bead mill. A media mill is preferred due to the relatively shorter 
milling time required to provide the intended result, i.e.. the desired reduction in particle size. For media milling, the 
apparent viscosity of the premix preferably is from about 100 to about 1000 centipoise. For ball milling, the apparent 

w viscosity of the premix preferably is from about 1 up to about 100 centipoise. Such ranges tend to afford an optimal bal- 
ance between efficient particle fragmentation and media erosion. 

[0043] The grinding media for the particle size reduction step can be selected from rigid media preferably spherical 
or particulate in form having an average size less than about 3 mm and, more preferably, less than about 1 mm. Such 
media desirably can provide the particles of the invention with shorter processing times and impart less wear to the min- 
is ing equipment. The selection of material for the grinding media is not believed to be critical. However, preferred media 
have a density greater than about 3 g/cm 3 . We have found that zirconium oxide, such as 95% ZrO stabilized with mag- 
nesia, zirconium silicate, and glass grinding media provide particles having levels of contamination which are believed 
to be acceptable for the preparation of x-ray contrast compositions. However, other media, such as stainless steel, tita- 
nia, alumina, and 95% ZrO stabilized with yttrium, are believed to be useful. 
20 [0044] The attrition time can vary widely and depends primarily upon the particular wet grinding mill selected. For ball 
mills, processing times of up to five days or longer may be required. On the other hand, processing times of less than 
1 day (residence times of about one minute up to several hours) have provided the desired results using a high shear 
media mill. 

[0045] The particles must be reduced in size at a temperature which does not significantly degrade the imaging agent. 

25 Processing temperatures of less than about 30-40°C are ordinarily preferred. If desired, the processing equipment can 
be cooled with conventional cooling equipment. The method is conveniently carried out under conditions of ambient 
temperature and at processing pressures which are safe and effective for the milling process. For example, ambient 
processing pressures are typical of ball mills, attritor mills and vibratory mills. Processing pressures up to about 20 psi 
(1 .4 kg/crrr 2 ) are typical of media milling. 

30 [0046] The surface modifier, if not present in the premix, must be added to the dispersion after attrition in an amount 
as described for the premix. Thereafter, the dispersion can be mixed, e.g., by shaking vigorously. Optionally, the disper- 
sion can be subjected to a sonication step, e.g., using an ultrasonic power supply. For example, the dispersion can be 
subjected to ultrasonic energy having a frequency of 20-80 kHz for a time of about 1 to 120 seconds. 
[0047] The relative amount of imaging agent and surface modifier can vary widely and the optimal amount of the sur- 

35 face modifier can depend, for example, upon the particular imaging agent and surface modifier selected, the critical 
micelle concentration of the surface modifier if it forms micelles, the hydrophilic lipophilic balance (HLB) of the stabilizer, 
the melting point of the stabilizer, its water solubility, the surface tension of water solutions of the stabilizer, etc. The sur- 
face modifier preferably is present in an amount of about 0. 1-1 0 mg per square meter surface area of the imaging agent. 
The surface modifier can be present in an amount of 0.1-90%, preferably 1-75%, more preferably 10-60%, and most 

40 preferably 10-30% by weight based on the total weight of the dry particle. 

[0048] The applicants have developed a simple screening process whereby compatible surface modifiers and imaging 
agents can be selected which provide stable dispersions of the desired particles. First, coarse particles of an imaging 
agent of interest are dispersed in a liquid in which the agent is essentially insoluble, e.g., water at 5% (w/v) and milled 
for 60 minutes in a DYNO-MILL (MODEL KDL, available from Willy A. Bachoffen AG Maschinenfabrik) under the follow- 

45 ing milling conditions: 

Grinding vessel: 

water jacketed stainless steel chamber 
Premix flow rate: 
so 250 ml/min 

Available volume of grinding vessel: 
555 ml 

Media volume: 
472 ml 
55 Media type: 

0.5-0.75 mm unleaded silica glass beads (distributed by Glen Mills, Inc.) 
Recirculation time: 
240 min 
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Residence time: 
60 min 

Impeller speed: 

3000 RPM; tangential speed 1952 ft/min (595 m/min) 

Grinding vessel coolant: 

water 

Coolant temperature: 
50°F(10°C) 

[0049] The milled material is then divided into aliquots and surface modifiers are added at concentrations of 2, 1 0 and 
50% by weight based on the total combined weight of the imaging agent and surface modifier. The dispersions are then 
sonicated (1 minute, 20 KHz) to disperse agglomerates and subjected to particle size analysis by examination under an 
optical microscope (1000 x magnification). If a stable dispersion is observed, then the process for preparing the partic- 
ular imaging agent surface modifier combination can be optimized in accordance with the teachings above. By stable it 
is meant that the dispersion exhibits no flocculation or particle agglomeration visible to the naked eye at least 15 min- 
utes, and preferably, at least two days or longer after preparation. In addition, preferred particles exhibit no flocculation 
or agglomeration when dispersed in at least one or more of the following: PBS, simulated gastrointestinal (Gl) fluids, 
and plasma. 

[0050] As used herein, particle size refers to a number for average particle size as measured by conventional particle 
size measuring techniques well known to those skilled in the art, such as sedimentation field flow fractionation, photon 
correlation spectroscopy, or disk centrifugation. By "an effective average particle size of less than about 400 nm" is 
meant a particle size distribution in which at least 90% of the particles have a particle size of less than about 400 nm 
when measured by weight-sizing the above-noted techniques. In preferred embodiments of the invention, the effective 
average particle size is less than about 300 nm, and more preferably less than about 250 nm. In some embodiments of 
the invention, an effective average particle size of less than about 200 nm has been achieved. With reference to the 
effective average particle size, it is preferred that at least 95% by weight and, more preferably, at least 99% by weight 
of the particles have a particle size less than the effective average particle size, e.g., 400 nm. In particularly preferred 
embodiments, essentially all of the particles have a size less than 400 nm. In some embodiments, essentially all of the 
particles have a size less than 250 nm. 

[0051 ] As indicated in the examples which follow, the x-ray contrast composition of this invention comprising particles 
consisting of crystalline ethyl-3,5-diacetoamido-2,4,6-triiodobenzoate having Tetronic™908 adsorbed on the surface 
thereof (average particle size 166 and 188 nm) was particularly useful in imaging the blood pool and spleen. An x-ray 
contrast composition comprising particles consisting of crystals of the ethyl glycolate ester of diatrizoic acid having Tet- 
ronic™908 adsorbed on the surface thereof (average particle size 238 nm) was particularly useful in imaging the liver. 
Effective imaging of the lymph nodes has been achieved using x-ray contrast compositions comprising particles ranging 
in size from 170-315 nm consisting of crystalline ethyl-3,5-diacetoamido-2 ( 4,6-triiodobenzoate having Tetronic™908- 
adsorbed on the surface thereof. 

[0052] It is not completely understood why stable non-agglomerating dispersions of the above-described fine particles 
can be provided in narrow particle size distributions by the wet grinding technique according to this invention. While 
applicants do not wish to be bound by theoretical mechanisms, for intravenous administration it is postulated that the 
average particle size in conjunction with the imaging agent, the surface modifier selected, and the degree to which the 
surface modifier remains adsorbed to the particle, affect whether the agent remains in the blood pool or is targeted to 
a specific site, e.g., taken up by the MPS. It is believed that certain smaller particles, e.g., certain particles having an 
average particle size less than about 200 nm, are preferentially inclined to recirculate in the blood pool. Larger particles 
are believed to be preferentially taken up by the MPS of the liver, spleen and bone marrow. 

[0053] The x-ray contrast compositions of this invention comprise the above-described particles and a carrier therefor. 
For example, the particles can be dispersed in an aqueous liquid which serves as the carrier for the x-ray contrast 
agent. Other suitable carriers include liquid carriers such as mixed aqueous and nonaqueous solvents, for example 
water and alcohols, and suitable nonaqueous solvents, such as alcohol; gels; gases, such as air; and powders. The x- 
ray contrast composition can comprise from about 1 -99.9, preferably 2-45 and more preferably 1 0-25% by weight of the 
above-described particles, the remainder of the composition being the carrier, additives and the like. Compositions up 
to about 100% by weight of the particles are contemplated when the composition is in a lyophilized form. 
[0054] A method for the preparation of an x-ray contrast composition according to this invention includes the steps of 
introducing a non-radioactive x-ray contrast agent, a liquid medium, grinding media, and optionally, a surface modifier 
into a grinding vessel; wet grinding to reduce the particle size of the contrast agent to less than about 400 nm; and sep- 
arating the particles and optionally the liquid medium from the grinding vessel and grinding media, for example, by suc- 
tion, filtration or evaporation. If the surface modifier is not present during wet grinding, it can be admixed with the 
particles thereafter. The liquid medium, most often water, can serve as the pharmaceuticaliy acceptable carrier. The 
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method preferably is carried out under aseptic conditions. Thereafter, the x-ray contrast composition preferably is sub- 
jected to a sterilization process. Sterilization can take place in the presence of polyethylene glycols, e.g., PEG 400, 
available from J.T. Baker Chemical Co., sodium dodecyl sulfate, and/or caprylic acid, which may minimize particle size 
growth during sterilization. 

5 [0055] The dose of the contrast agent to be administered can be selected according to techniques known to those 
skilled in the art such that a sufficient contrast enhancing effect is obtained. Typical doses can range from 50 to 350 mg 
of iodine per kilogram of body weight of the subject for many imaging applications. For some applications, e.g., lym- 
phography, lower doses, e.g., 0.5-20 mgl/kg, can be effective. 

[0056J The x-ray contrast composition can contain one or more conventional additives used to control and/or enhance 
w the properties of the x-ray contrast agent. For example, thickening agents such as dextran or human serum albumin, 
buffers, viscosity regulating agents, suspending agents, peptizing agents, anti-clotting agents, mixing agents, and other 
drugs and the like can be added. A partial listing of certain specific additives includes gums, sugars such as dextran, 
human serum albumin, gelatin, sodium alginate, agar, dextrin, pectin and sodium carboxymethyl cellulose. Such addi- 
tives, surface active agents, preservatives and the like can be incorporated into the compositions of the invention. 
75 [0057] A method for diagnostic imaging for use in medical procedures in accordance with this invention comprises 
administering to the body of a test subject in need of an x-ray an effective contrast producing amount of the above- 
described x-ray contrast composition. In addition to human patients, the test subject can include mammalian species 
such as rabbits, dogs, cats, monkeys, sheep, pigs, horses, bovine animals and the like. Thereafter, at least a portion of 
the body containing the administered contrast agent is exposed to x-rays to produce an x-ray image pattern corre- 
ct? spending to the presence of the contrast agent. The image pattern can then be visualized. For example, any x-ray vis- 
ualization technique, preferably, a high contrast technique such as computed tomography, can be applied in a 
conventional manner. Alternatively, the image pattern can be observed directly on an x-ray sensitive phosphor screen- 
silver halide photographic film combination. 

[0058] The compositions of this invention can be administered by a variety of routes depending on the type of proce- 
ss dure and the anatomical orientation of the tissue being examined. Suitable administration routes include intravascular 
(arterial or venous) administration by catheter, intravenous injection, rectal administration, subcutaneous administra- 
tion, intramuscular administration, intralesional administration, intrathecal administration, intracisternal administration, 
oral administration, administration via inhalation, administration directly into a body cavity, e.g., arthrography, and the 
like. 

30 [0059] In addition to the preferred applications discussed above, i.e., for blood pool, liver, spleen and lymph node 
imaging, the x-ray contrast compositions of this invention are also expected to be useful as angiographic contrast 
media, urographic contrast media, myelographic contrast media, gastrointestinal contrast media, cholecystography 
and cholangiographic contrast media, arthrography contrast media, hysterosatpingographic contrast media, oral con- 
trast media and bronchography contrast media. 

35 [0060] The present invention provides significant advantages compared to compositions prepared by solvent precip- 
itation techniques, such as described by Violante etal in U.S. Patent 4,826,689, which result in the formation of non- 
crystalline, solvent-contaminated particles. As noted above, such solvents are often toxic and can be very difficult, if not 
impossible, to adequately remove to pharmaceutically acceptable levels to be practical. Solvent removal to pharmaceu- 
tical^ acceptable levels often is of such prohibitive cost so as to be unacceptable from a commercial standpoint. 

40 Violante et al teach that the chemical precipitation procedure for providing particles was developed to avoid the prob- 
lems of obtaining uniform particles of water-insoluble radiopaque contrast materials by conventional techniques. 
Indeed, the patent teaches away from the present invention by suggesting that physical methods for modifying and con- 
trolling particle size are problematic, i.e., result in preparations with unacceptably broad ranges of particle diameters 
and toxicity. 

45 [0061] In addition, as compared with liposomes and emulsions, x-ray compositions according to the invention con- 
taining particulate contrast agents have a much higher iodine content. To achieve a desired level of contrast, as pro- 
vided by a particular amount of iodine, a smaller amount of material can be used. Moreover, x-ray compositions 
according to this invention are generally more storage-stable than prior art lipid and amorphous compositions. 
[0062] The following examples further illustrate the invention. 

so 

Example 1 

Synthesis of WIN 8883 Ethvl 3.5-diacetoamido-2.4.6-triiodobenzoate [R « -OCHaCHJ 

55 [0063] To 8.1 1 L of dry N.N-dimethylfbrmamide was added 1 .01 kg (1 .65 mol) of diatrizoic acid. To the vigorously 
stirred suspension was carefully added 274 g (1.99 mol) of milled potassium carbonate. During the addition there was 
significant gas evolution. Before all of the suspended solid had gone into solution, a second solid began to form toward 
the end of the carbonate addition. The mixture was stirred for 30 min. at room temperature. Ethyl iodide (608 g, 3.90 
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moi) was added dropwise and the mixture was stirred overnight at room temperature at which point the reaction mixture 
was nearly homogeneous. The reaction was poured into 25 L of water, filtered and the solid washed with water and 
dried at reduced pressure at 60° C to afford 962 g (91% yield) of a white solid, mp 280 - 290° C (dec.). Analysis for 
Ci3H 13 l 3 N204 calculated/found: C 24.32/24.27; H 2.05/1.93; N 4.36/4.28, 

5 

Preparation of Nanocrvstalline Formulation of WIN 8883 

[0064] A nanoparticle formulation of WIN 8883 was prepared by placing 12.0 g of WIN 8883, 2.0 g of Tetronic 908 
surfactant (BASF), and 100 ml of 1 mm ZrO beads (Zircoa, Inc.) into a 200 ml glass bottle having a wide mouth (Qor- 

w pak). The Zro beads were pretreated by rolling in deionized water at 1 15 rpm for 24 hours followed by rolling in 1 M 
H 2 S0 4 for 1 hour, rinsed with copious amounts of distilled water and air dried. 60 ml of deionized water was added and 
the mixture was then rolled on a U.S. Stoneware jar mill (model #784CVM) for 14 days at 1 15 rpm. At the end of that 
time, the suspension of particulates was removed from the 1 mm ZrO media by suction and/or filtration (see below) and 
placed into a brown 120 ml capacity glass bottle. This suspension was then coarse filtered throughout a series of filters 

is (10 micron, 5 micron, 3 micron pore sizes) under gravity (Nucleopore "polycarbonate" filters, Microstar, Inc.) into sterile 
plastic tubes (Kimble, flat topped, graduated). 

Characterization of properties of Nanocrvstalline formulation of WIN 8883 

20 [0065] A suspension of WIN 8883 prepared as described above was characterized for particle size and zeta potential 
using a Malvern Zeta Sizer III instrument (Malvern Instruments, Ltd.). A small aliquot of suspension was added to 
approximately 20 ml of 25 mM phosphate buffer at pH = 7.0 for analysis. This diluted sample was then introduced into 
the light scattering cell for analysis by photon correlation spectroscopy. Size is reported as an intensity weighted value 
and was found to be an average of 166 nm in diameter with a zeta potential of -2.3 mV. The particle size distribution 

25 was surprisingly narrow. 

[0066] These samples were further studied for physical stability upon exposure to simulated gastric fluid (i.e., pre- 
pared according to USP specifications, containing pepsin, pH adjusted to 2.5 with HQ;), phosphate buffered saline (i.e.. 
a 25 mM sodium phosphate solution containing 0.9% NaCI purchased from Cellgro), and rat plasma (i.e., plasma 
obtained from white male Sprague Dawley rats). Microscopic visualization of these samples added to each fluid con- 
30 firmed no aggregation or f Peculation occured. 

In Vivo Imaging studies using Nanocrvstalline WIN 8883; 10% WIN 8883. 2% Tetronic 908. in water 

[0067] A suspension of WIN 8883 was prepared as described above except that 6.0 g of WIN 8883 and 1 .2 g of T908 
35 were used (i.e., 10% WIN 8883; wt/vol). The suspension was characterized as described above and exhibited an aver- 
age particle size of 166 nm and a zeta potential of -2.3 mV. Further, the formulation passed all of the fluid stability tests- 
and no adverse effects were noted after injection into mice. This formulation was injected via syringe into the ear vein 
of approximately 3 kg rabbits for examination of the effect upon computed tomographic (CT) imaging of the rabbit. Imag- 
ing was carried out at 5 min. post injection, 30 min. post injection, and 1 hour post injection in the areas of the kidneys, 
40 spleen, and liver. Dose was varied from 0.3 ml/kg to 3.0 ml/kg (30 mg/kg to 300 mg/kg) of compound or approximately 
16 mg l/kg to 160 mg l/kg which is an important consideration in x-ray contrast enhancement. 
[0068] The images demonstrated enhanced x-ray density in the blood pool, liver and spleen, especially at 5 min. post 
injection. This effect in the blood pool was diminished at 30 min. post injection and essentially not discernible at 1 hour 
post injection. Contrast enhancement within the liver remained essentially constant over this time period. The spleen 
45 tended to increase in x-ray density with time. The lowest dose was minimally useful in this manner while the middle 
dose (i.e., 2 ml/kg or 200 mg/kg) was somewhat efficacious and the highest dose (i.e., 3 ml/kg or 300 mg/kg) was the 
best at presenting the blood pool. 

Example 2 

50 

In Vive- Imqging u$inq Nqnpc rystallin e WIN 8883; 2Q% WIN 8983, 3.3% T90Q, in wafer 

[0069] A suspension of WIN 8883 was prepared as described in Example 1 above except that it was milled for 8 days. 
This suspension was characterized as in Example 1 and exhibited an average size of 180 nm. Stability in the various 
55 fluids was determined as described in Example 1 . Stability in PBS and rat plasma with slight aggregation in Gl fluid was 
observed. 

[0070] This formulation was injected via syringe into the ear vein of approximately 3 kg rabbits for examination of the 
effect upon computed tomographic (CT) imaging of the rabbit. Imaging was carried out at 5 min. post injection, 30 min. 
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post injection, and 1 hour post injection in the areas of the kidneys, spleen, liver, and the chest cavity. Dose was varied 
(0.5 ml/kg, 1 .0 ml/kg, 1.5 ml/kg), (100 mg/kg, 200 mg/kg, and 300 mg/kg of compound) (59 mg l/kg, 1 18 mg l/kg, and 
1 76 mg l/kg) respectively. 

[0071] The images demonstrated enhanced x*ray density in the blood pool, liver and spleen, especially at 5 min. post 
5 injection. The blood pool enhancement was readily seen in the images of the chest cavity within the chambers of the 
heart. This effect in the blood pool was greatly diminished at 30 min. post injection and essentially not discernible at 1 
hour post injection. Contrast enhancement within the liver remained essentially constant over this time period. The 
spleen tended to increase in x-ray density with time. These effects were observed at all dose levels with decreasing 
density with decreasing dose. Images taken at 7 and 22 days post injection clearly demonstrated diminished x-ray den- 
w sity within the spleen. 

Example 3 

In Vivo Imaging studies using Nanocrvstalline WIN 8883: 20% WIN 8883. 3.3% T908. in PBS 

15 

[0072] A suspension of WIN 8883 was prepared as described above except that PBS was used instead of water. PBS 
was used to control pH and achieve approximate equi-osmolality with blood. These particles were characterized as in 
Example 1 and exhibited an average size of 159 nm and a zeta potential of -3.5 mV. The pH of this suspension was 
measured as 9.5 while the osmolality was determined to be 249 mOsm/kg. While slight aggregation was observed in 

20 Gl fluid, addition of this suspension to either PBS or rat plasma did not result in aggregation or flocculation. 

[0073] This formulation was injected via syringe into the ear vein of approximately 3 kg rabbits for examination of the 
effect upon computed tomographic (CT) imaging of the rabbit. Imaging was carried out at 5 min. post injection, 30 min. 
post injection, and 1 hour post injection in the areas of the kidneys, the spleen, the liver, and the chest cavity. Dosages 
were administered at 0.5 ml/kg, 1 .0 ml/kg, and 1 .5 ml/kg (100 mg/kg, 200 mg/kg, and 300 mg/kg of compound) (59 mg 

25 l/kg, 1 18 mg l/kg, and 1 76 mg l/kg) respectively. 

[0074] The images demonstrated enhanced x-ray density in the blood pool, liver and spleen. The effect in the spleen 
was not very pronounced at 5 min. post injection, while the blood pool was dramatically enhanced as evidenced by the 
chambers of the heart and major blood vessels throughout the abdomen and chest cavity. The spleen continued to be 
enhanced with time (i.e., at 30 min. post injection) while the blood pool remained fairly constant over this time period 

30 indicating improved performance (with respect to blood pool imaging) of this formulation over that observed in Exam- 
ples 1 and 2. The liver intensity remained fairly constant over this time as well. At 1 hour post injection, the liver and 
blood pool began to fade in density while the spleen remained enhanced. Imaging at 7 days and 22 days post injection 
showed that the spleen indeed returned to pre-imaging x-ray densities with time. 

35 Example 4 

In Vivo Imaging studies using Nanocrvstalline WIN 8883: 20% WIN 8883. 3.3% T908. phosphate buffer 

[0075] A suspension of WIN 8883 was prepared as described in Example 1 except that a moderately concentrated 
40 phosphate buffer (0.1 M, pH = 7.5) was used as the solution phase rather than water alone. This resulted in the sus- 
pension being at physiologically acceptable pH (i.e., pH=7.5) and osmolality (i.e., 344 mOsm/kg). Further, the milling 
time was decreased to 22 hours. The suspension was characterized as in Example 1 and resulted in an average parti- 
cle size of 258 nm. 

[0076] This formulation was imaged as described in Examples 2 and 3. The images demonstrated very little enhance- 
rs ment of the blood pool with dramatic enhancement of the liver and some enhancement of the spleen and kidney at 5 
min. post injection. This represents a significant effect believed to result in part from the particle size of these formula- 
tions. No mortality was observed in the rabbits upon injection or during the course of the experiment. Any enhancement 
that may have been present in the blood pool at 5 min. post injection was absent at 30 min. post injection. Liver 
enhancement and kidney enhancement remained evident at both 30 min. and 1 hour post injection, although dimin- 
so ished after 1 hour. 

Example 5 

In Vivo Imaging studies using Nanocrvstalline WIN 8883: 10% WIN 8883. 1% surfactant. 1% Polvsorbate 20 (i.e., 
55 Tween 20), and 5% mannitol 

[0077] A suspension of WIN 8883 was prepared as described in Example 1 except that only 6 g of WIN 8883 (i.e.. 
10% WIN 8883) was used and the surfactants used included C 18 H3 7 -CH2(CON(CH3)CH2(CHOH)4CH 2 OH)2 having a 
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structure which includes an alkyl chain (tail) and 2 acyclic sugar moities as the hydrophilic portion (i.e., head groups) at 
0.6 g/60 ml and a polysorbate 20 (Tween 20) at 0.6 g/60 ml. Further, the solution was made equi-osmolar with blood by 
adding 5% mannitol to the suspension after the initial milling process was completed. This suspension was character- 
ized as described in Example 1 and resulted in an average particle size of 194 nm. Fluid stability was assessed as 
5 described in Example 1 and the suspension was found to be stable in Gl, PBS, and rat plasma. 

[0078] This formulation was imaged as described in Example 1 except that only the middle dose (i.e., 1 .5 ml/kg ani- 
mal) was administered. The images demonstrated enhance liver x-ray contrast with no enhancement of the blood pool 
at 5 min. post injection, 30 min. post injection or 1 hour post injection. The rabbits showed no adverse effects upon 
administration of this formulation. 

w 

Example 6 

Synthesis of WIN 12901 Ethvl(3.5-bisfacet^aminoV2.4.6-triiodo-benzovloxv^cetate [R = OCH 2 -(CO)-OCH 2 CH 3 ] 

15 [0079] To l75mLof dry N.N-dimethyfformamide (DMF) was added 63.6 g (0.100 mol) sodium diatrizoate and 14.7g 
(0.120 mol) of ethylchloroacetate and the mixture was heated on a steam bath for 6 hr. The reaction was filtered while 
hot and the filtrate cooled to room temperature and diluted to 500 ml with water. The mixture was cooled and filtered 
and the collected solid washed with water. The solid was then dissolved in 350 ml hot DMF, filtered and added to an 
equal volume of water. The mixture was cooled, filtered, washed with water, and the solid dried at 100°C overnight to 

20 afford 53.0 g (76% yield) of a white powder, mp 269.5-270.5°C. Analysis for C^H^^Og calculated/found: C 
25.73/25.80; H 2.15/2.77; I 54.4/53.8. 

In Vivo Imaging studies using Nanocrvstalline WIN 12901: 10% WIN 12901. 2% T908. in water 

25 [0080] A suspension of WIN 12901 was prepared as described in Example 1 except that 6 g of WIN 12901 (i.e., 10% 
WIN 12901) and 1.2 g T908 (i.e., 2% T908) were used. The suspension was milled for 4 days. These particles were 
characterized as described in Example 1. The average particle size measured was 238 pm Fluid stability assessment 
as described in Example 1 suggested stability in Gl, PBS, and rat plasma. 

[0081] This formulation was imaged as described in Example 1. The images demonstrated enhanced blood pool x- 
30 ray contrast, liver contrast and kidney contrast at 5 min. post injection, enhanced liver and kidney contrast at 30 min. 
post injection and somewhat diminished liver and kidney enhancement at 1 hour post injection. The density in the liver 
was particularly striking. 

Example 7 

35 

In Vivo Imaging studies using Nanocrvstalline WIN 12901: 20% WIN 12901. 3.3%T908. 100 mM phosphate buffer , 

[0082] A suspension of WIN 12901 was prepared as described in Example 1 except that 100 mM phosphate buffer 
at pH=6.5 was used instead of water. This was used to control the pH and osmolality of this formulation. These particles 
40 were characterized as described in Example 1 and exhibited an average size of 289 nm. The pH of the samples was 
6.5 and the osmolality 344 mOsm/Kg. Fluid stability was assessed as described in Example 1 . This formulation was 
found to be stable in PBS, Gl, and rat plasma. 

[0083] This formulation was imaged as described in Example 1 except that a dose of 1 .5 ml/Kg animal weight was 
administered. Imaging studies demonstrated enhanced liver imaging at 5 and 30 min. post injection with virtually no 
45 enhancement of the blood. Splenic retention was minimal and dissipated by 1 hour post injection. Kidney enhancement 
was noted at 30 minutes and 60 minutes post injection. The liver appeared to clear to the original x-ray density by 1 hour 
post injection. 
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Example 8 

Synthesis of WIN 16318 Ethvl 2-(3.5-bis(acetvlamino)-2,4.6-triiodobenzov1oxv)butvrate 
s CH,CH, 

I 2 3 

[R - OCH— (CO)— OCH 2 CH 3 ] 

w 



[0085] To 500 mL of dry N,N-dimethylformamide was added 159 g (0.250 mol) sodium diatrizoate and 54.5 g (0.280 
mol) of ethyl 2-bromobutyrate. The mixture was heated on a steam bath for 20 h, cooled to room temperature and 
js poured into 3L of dilute ammonium hydroxide. The solid was filtered, washed with water, and air-dried. The solid was 
further purified by crystallization from 50% aqueous ethanol (after treatment with decolorizing carbon) affording two 
crops which were dried at 100°C overnight to afford 121 g (66%) of a white powder, m.p. 288-290 °C (dec). Analysis 
for C 17 H 19 l3N20 6 calculated/found C 28.05/28.36/ H 2.63/2.55; I 52.3/52.3 

20 In Vivo Imaging studies using Nanocrvstalline WIN 16318: 

10% WIN 16318. 2% Tween 80. 100 mM phosphate 

[0086] A nanoparticle suspension of WIN 1 631 8 was prepared as described in Example 1 with the exception that only 
25 6 g of WIN 16318 was added (i.e., 10% WIN 16318) and 1 .2 g of a different surface modifier, i.e., Tween 80, was added 
(i.e., 2% Tween 80) and the liquid phase was made up of 100 mM phosphate buffer (pH=7.5). This was done to control 
the formulation pH and osmolality. These particles were characterized as described in Example 1 . An average size of 
21 9 nm was measured after 1 4 days of milling. The pH of the formulation was 7.8 and the osmolality was 348 mOsm/kg. 
Stability of this formulation was checked in fluids as described in Example 1 and demonstrated stability in PBS and rat 
30 plasma. 

Example 9 

lymphography imaging using Napocrystajiine WIN 8S83 

35 

[0087] A suspension prepared as described in Example 1 was used to image the lymph system (approximately 3- Kg 
rabbits) by computed tomography (CT). The suspension was dosed by percutaneous administration via the foot pads 
of the rabbits at 0.03 ml/Kg animal body weight and imaged 9 hours after administration. The CT images demonstrated 
enhanced x-ray contrast of the lymph nodes responsible for clearance from the anatomical areas of the rabbit injected 
40 with this formulation. Enhanced density was observed for times as long as 1 week after which the x-ray density of the 
lymph nodes returned to normal levels. 

Example 10 

45 [0088] A formulation prepared as described in Example 3 having a particle size of 1 69 pm was imaged in rabbits at a 
dose of 3 ml/kg (100 mg/kg compound; 352 mgl/kg). Blood pool imaging at this dose was excellent up to at least 2 hours 
after compound administration. 

Claims 

50 

1 . An x-ray contrast composition comprising: 

a) particles consisting essentially of a non-radioactive crystalline organic x-ray contrast agent having a surface 
modifier adsorbed on the surface thereof, said non-radioactive crystalline organic x-ray contrast agent having 
55 been wet ground to an effective average particle size of less than 400 nm and having a coating of said surface 

modifier adhered to the surfaces of said particles by adsorption, said surface modifier being present in an 
amount of 0.1 to 90% by weight based on the total weight of the dry particles so as to maintain said effective 
average particle size, and 
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b) a pharmaceutical^ acceptable carrier. 
2. A composition according to claim 1 , wherein said particles have an effective particle size of less than 300 nm. 
5 3. A composition according to claim 2, wherein said particles have an effective particle size of less than 200 nm. 

4. A composition according to claim 3, wherein said particles have an effective particle size of less than 100 nm. 

5. A composition according to any one of claims 1 -4, wherein said x-ray contrast agent is an iodinated aromatic com- 
io pound. 

6. A composition according to any one of claims 1 -5, wherein said x-ray contrast agent is an ester or an amide of an 
iodinated aromatic acid selected from the group consisting of diatrizoic acid, metrizoic acid, iothalamic acid, and 
iodipamide. 



7. A composition according to any one of claims 1 -6, wherein said x-ray contrast agent is ethyl-3,5-diacetamido-2,4,6- 
triiodobenzoate, ethyl(3,5-bis(acetylamino) -2,4,6-triiodobenzoyloxy) acetate or ethyl-2-(3,5-bis(acetylamino)- 
2,4,6-triiodobenzoyloxy) butyrate. 

20 8. A composition according to any one of claims 1 -7, wherein said carrier is an aqueous liquid. 

9. A composition according to any one of claims 1-8, wherein said particles are present in an amount of 10-25% by 
weight. 

25 10. A composition according to any one of claims 1-9, wherein said surface modifier is a tetrafunctional block copoly- 
mer derived from sequential addition of propylene oxide and ethylene oxide to ethylenediamine. 

1 1, A composition according to any one of claims 1 -9, wherein said surface modifier has the formula: 
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35 



'CONCH 2 (CHOH) y CH 2 OH 



40 



wherein 




4 



(CH 2 ) a - 



L is R-CK 



\ 



(CH 2 ) b ~ 



45 



50 




55 



L is a chemical bond. -0-, -S-, -NH, -CONH- or -S0 2 NH-; 
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R 4 is a hydrophobic substituted or unsubstituted alkyl, substituted or unsubstituted cyclo-alkyl, or a substituted 
or unsubstituted aryl group; 

each of R 5 and R 6 independently is hydrogen or an aikyl group having from 1 to 4 carbon atoms; 

each of a and b independently is 0 or an integer from 1 to 3, provided that the sum of a and b is not greater 

than 3; and 

each of x and y independently is an integer from 3 to 7. 

1 2. A composition according to claim 1 , comprising particles consisting essentially of crystalline ethyl-3,5-diacetamido- 
2,4,6-triiodobenzoate having a tetrafunctional block copolymer derived from sequential addition of propylene oxide 
and ethylene oxide to ethyl enedi amine adsorbed on the surface thereof. 

13. A composition according to claim 1, comprising particles consisting essentially of crystals of the ethyl glycolate 
ester of diatrizoic acid having a tetrafunctional block copolymer derived from sequential addition of propylene oxide 
and ethylene oxide to ethylenediamine adsorbed on the surface thereof 

14. A composition according to claim 1, comprising particles consisting essentially of crystalline ethyl-2-(3,5- 
bis(acetylamino)-2,4,6-triiodobenzoylosy) butyrate having a tetrafunctional block copolymer derived from sequen- 
tial addition of propylene oxide and ethylene oxide to ethylenediamine adsorbed on the surface thereof. 

1 5. A composition according to any one of the preceding claims, wherein the particles of the non-radioactive crystalline 
organic x-ray contrast agent are prepared by steps comprising: 

introducing the non-radioactive organic x-ray contrast agent a liquid medium, rigid grinding media having an 

average size of less than 3 mm, and optionally a surface modifier into a grinding vessel; 

wet grinding said contrast agent and thereafter mixing a surface modifier with said liquid medium if a surface 

modifier was not present during grinding to form particles having an effective average size of less than 400 nm; 

and 

separating said particles from said grinding vessel and media. 

1 6. Use of the composition according to any one of the preceding claims, for preparing a medicament for medical x-ray 
diagnostic imaging. 

Patentanspruche 

1. ROntgenkontrast-Zusammensetzung, enthaltend: 

a) Partikel, die im wesentiichen aus einem nichtradioaktiven kristallinen organischen Rdntgenkontrastmittel 
bestehen, an dessen Oberfiache ein Oberfiachenmodifikator adsorbiert ist, wobei das nichtradioaktive kristal- 
Hne organische ROntgenkorrtrastmittel zu einer effektiven durchschnittlichen PartikelgrOBe von weniger als 400 
nm feucht gemahlen wurde und einen Clberzug des Oberf lachenmodif ikators aufweist, der mittels Adsorption 
an den Oberfiachen der Partikel haftet, wobei der Oberfiachenmodifikator bezogen auf das Gesamtgewicht 
trockener Partikel in einer Menge von 0,1 bis 90 Gew.-% vorhanden ist, urn die effektive durchschnittliche Par- 
tikelgrOBe aufrechtzuerhatten, und 

b) einen pharmazeutisch vertraglichen Trager. 

2. Zusammensetzung gemaB Anspruch 1 , in der die Partikel eine effektive PartikelgrOBe von weniger als 300 nm 
besitzen. 

3. Zusammensetzung gemaB Anspruch 2, in der die Partikel eine effektive PartikelgrOBe von weniger als 200 nm 
besitzen. 

4. Zusammensetzung gemaB Anspruch 3, in der die Partikel eine effektive PartikelgrOBe von weniger als 100 nm 
besitzen. 

5. Zusammensetzung gemaB einem der Anspruche 1 bis 4, in der das ROntgenkontrastmittel eine iodierte aromati- 
sche Verbindung ist. 
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6. Zusammensetzung gemaG einem der Anspruche 1 bis 5, in der das Rflntgenkontrastmittel ein Ester oder ein Amid 
einer iodierten aromatischen Saure ist, die aus der Gruppe bestehend aus Diatrizoesaure, Metrizoesaure, lotala- 
minsaure und lodipamid ausgewahlt ist. 

7. Zusammensetzung gemaG einem der Anspruche 1 bis 6, in der das ROntgenkontrastmittel Ethyl-3.5-diacetamid- 
2,4,6-triiodobenzoat. Ethyl(3 1 5-bis(acetylamino)*2,4,6-triiodobenzoyloxy)acetat oder Ethyl-2(3,5-bis(acetyiamino)- 
2,4,6-triiodobenzoyloxy)butyrat ist. 

8. Zusammensetzung gemaG einem der Anspruche 1 bis 7, in der der Trager eine waGrige Flussigkeit ist. 

9. Zusammensetzung gemaG einem der Anspruche 1 bis 8, in der die Partikel in einer Menge von 10-25 Gew.*% vor- 
tiegen. 

10. Zusammensetzung gemaG einem der Anspruche 1-9, in der der Oberfiachenmodifikator ein tetrafunktionales 
Blockcopolymer ist, das sich von der sequentiellen Addition von Propylenoxid und Ethylenoxid an Ethylendiamin 
ableitet. 

11. Zusammensetzung gemaG einem der Anspruche 1 -9, in der der Oberfiachenmodifikator die Formel 

CONCE 2 ( CEOE ) : CH 2 OH 
CONCE 2 (CHOE) y C5 2 OE 
R d 

hat, wobei 




wobei 

L'eine chemische Bindung, -0-, -S-, -NH, -CONH- oder -S0 2 NH- ist; 

R 4 eine hydrophobe substituierte oder unsubstituierte AJkyl-, eine substituierte oder unsubstituierte Cydoalkyl- 
oder eine substituierte Oder unsubstituierte Arylgruppe ist; 

R 3 und R 6 jeweils unabhangig voneinander Wasserstoff oder eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen 
sind; 

a und b jeweils unabhangig voneinander 0 oder eine ganze Zahl von 1 bis 3 sind, mit der MaGgabe, daG die 
Summe von a und b nicht grOGer als 3 ist; und 
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x und y jeweils unabhangig vonetnander eine ganze Zahl von 3 bis 7 sind. 

12. Zusammensetzung gemaB Anspruch 1 , die Partikel enthait, die im wesentlichen aus kristallinem Ethyl-3,5-diacet- 
amid-2,4,6-triiodobenzoat bestehen und an deren Oberfiache ein tetrafunktionales Blockcopolymer adsorbiert rst. 
das sich von der sequentiellen Addition von Propylenoxid und Ethylenoxid an Ethylendiamin ableitet 

13. Zusammensetzung gemaB Anspruch 1 , die Partikel enthait. die im wesentlichen aus Kristallen des Ethylgiykolate- 
sters der Oiatrizoesaure bestehen und an deren Oberfiache ein tetrafunktionales Blockcopolymer adsorbiert ist, 
das sich von der sequentieilen Addition von Propylenoxid und Ethylenoxid an Ethylendiamin ableitet. 

14. Zusammensetzung gemaG Anspruch 1, die Partikel enthait die im wesentlichen aus kristallinem Ethyl-2-(3,5- 
bis(acetylamino)2 ( 4,6-triiodobenzoyloxy)butyrat bestehen und an deren Oberfiache ein tetrafunktionales Blockco- 
polymer adsorbiert ist, das sich von der sequentiellen Addition von Propylenoxid und Ethylenoxid an Ethylendiamin 
ableitet. 

15. Zusammensetzung gemaB einem der vorstehenden Anspruche, in der die Partikel des nichtradioakliven kristalli- 
nen organischen ROntgenkontrastmrttels mittels Schritten hergestellt werden, die umfassen: 

Einbringen des nichtradioaktiven organischen Rdntgenkontrastmittels. eines flussigen Mediums, starrer Mahl- 
medien mit einer durchschnittlichen GrOBe von weniger als 3 mm und gegebenenfalis eines Oberfiachenmo- 
drfikators in ein MahlgefaG; 

Feuchtmahlen des Kontrastmittels und anschlieBendes Mischen eines Oberfiachenmodifikators mit dem flus- 
sigen Medium, wenn beim Mahlen kein Oberf lachermodifikator zugegen gewesen war, zur Bildung von Parti- 
keln einer effektiven DurchschnittsgrOBe von weniger als 400 nm; und 

Trennen der Partikel vom MahlgefaB und den Medien. 

16. Verwendung der Zusammensetzung gemaB einem der vorstehenden Anspruche zur Hersteliung eines Medika- 
ments zur medizinischen rOntgendiagnostischen Bitddarstellung. 

Revendlcations 

1 . Composition de contraste pour radiographics comprenant : 

a) des particules constitutes essentiellement d'un agent de contraste pour radiographies, organique, cristallin, 
non radioactif, ayant un modif icateur de surface adsorb^ sur leurs surfaces, ledit agent de contraste pour radio- 
graphies, organique, cristallin, non radioactif ayant 6t6 broy6 par voie humide a une dimension moyenne effi- 
cace des particules interieure a 400 nm et ayant un revStement dudit modif icateur de surface qui adhere aux 
surfaces desdites particules par adsorption, (edit modif icateur de surface 6tant present en une quantity de 0,1 
a 90% en poids, sur la base du poids total des particules sdches, de fagon a conserver ladite dimension 
moyenne efficace des particules, et 

b) un excipient pharmaceutiquement acceptable. 

2. Composition selon la revendication 1, dans faqueile lesdites particules ont une dimension efficace des particules 
inf 6rieure a 300 nm. 

3. Composition selon la revendication 2, dans laquelle lesdites particules ont une dimension efficace des particules 
inf 6rieure a 200 nm. 

4. Composition selon la revendication 3, dans laquelle lesdites particules ont une dimension efficace des particules 
interieure a 100 nm. 

5. Composition selon Tune quelconque des revendlcations 1 a 4, dans laquelle ledit agent de contraste pour radiogra- 
phies est un compost aromatique iod£. 

6. Composition selon Tune quelconque des revendications 1 a 5, dans laquelle ledit agent de contraste pour radiogra- 
phies est un ester ou un amide d'un acide aromatique iod6 choisi parmi le groupe constitu6 de I'acide diatrizoTque, 
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de I'acide m&rizotque, de I'acide iothalamique et de I'iodipamide. 

7. Composition selon Tune quelconque des revendications 1 a 6, dans laquelle ledit agent de contraste pour radiogra- 
phics est r6thyl-3,5-diac6tamido-2 ( 4,6-triiodobenzoate t r6thyl(3,5-bis(ac6tylamino)-2,4,6-triiodobenzoyloxy)ac6- 
tate ou r6thyl-2-(3,5-bis(ac6tylamino)-2,4,6-triiodobenzoyloxy) butyrate. 

8. Composition selon Tune quelconque des revendications 1 a 7, dans laquelle ledit excipient est un iiquide aqueux. 

9. Composition selon I'une quelconque des revendications 1 a 8, dans laquelle lesdites particules sont pr6sentes en 
une quantity de 10 a 25% en poids. 

10. Composition selon Tune quelconque des revendications 1 a 9, dans laquelle ledit modificateur de surface est un 
copoiymfcre tetrafonctionnel en bloc provenant de Taddition stquentielle d'oxyde de propylene et d'oxyde d'ethy- 
I6ne a de r&hyldnediamine. 

1 1 . Composition selon I'une quelconque des revendications 1 a 9, dans laquelle ledit modificateur de surface poss&de 
la formule : 




L est une liaison chimique, -0-, -S-, -NH-, -CONH- ou S0 2 NH-, 

R 4 est un groupe hydrophobe qui est soit un groupe alkyle substitu6 ou non substitute soit un groupe cycloalk- 
yle substituS ou non substitu6, soit un groupe aryle substrtu^ ou non substitut ; 

chacun de R 5 et R 6 indtpendamment est I'hydrogfcne ou un groupe alkyle ayant de 1 a 4 atomes de carbone; 
chacun de a et b indtpendamment est 0 ou un nombre entier de 1 a 3, pourvu que la somme a et b ne soit pas 
suptrieure a 3 ; et 

chacun de x et y indtpendamment est un nombre entier de 3 a 7. 

12. Composition selon la revendication 1, comprenant des particules constitutes essentie!lementd'6thyl-3,5-diac£ta- 
mido-2,4,6-triiodobenzoate cristallin ayant un copolymtre tetrafonctionnel en bloc provenant de ('addition stquen- 
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tielle d'oxyde de propylene et d'oxyde d'6thyl6ne & de I'SthylSnediamine, adsorbs sur leurs surfaces. 

13. Composition selon la revendication 1, comprenant des particules constitu6es essentiellement de cristaux d'ester 
de giycolate d'Sthyle d'acide diatrizoTque ayant un copolymSre tetrafonctionnel en bioc provenant de I'addition 
sSquentielle d'oxyde de propylene et d'oxyde d'6thyl6ne & de r&hylSnediamine, adsorbs sur leurs surfaces. 

14. Composition selon la revendication 1 ( comprenant des particules constituSes essentiellement d'ethyl-2-(3.5- 
bis(ac6tylamino)-2 A6-triiodobenzoyloxy)butyrate cristallin ayant un copolymSre tStrafonctionne! en bloc provenant 
de I'addition sSquentielle d'oxyde de propylene et d'oxyde d'SthylSne d de I'SthylSnediamine, adsorbs sur leurs sur- 
faces. 

15. Composition selon Tune quelconque des revendications prScSdentes, dans laquelle les particules de I'agent de 
contraste pour radiographies, organique, cristallin, non radioactif, sont prSparSes par les Stapes consistant d : 

introduire I'agent de contraste pour radiographies. organique, non radioactif, un milieu liquide, des corps de 
broyage rigides ayant un dimension moyenne infSrieure & 3 mm, et Sventuellement un modificateur de surface 
dans un recipient de broyage ; 

broyer par voie humide ledit agent de contraste et par la suite, melanger un modificateur de surface avec ledit 
milieu fiquide si un modificateur de surface n'etait pas present durant le broyage, pour former des particules 
ayant une dimension moyenne efficace inferieur & 400 nm ; et 
sSparer lesdites particules desdites recipient et corps de broyage. 

16. Utilisation de la composition selon Tune quelconque des revendications prScSdentes, pour preparer un medica- 
ment pour I'imagerie de diagnostic medical aux rayons X. 
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